Isolation of Real Roots and Computation of the Topological Degree by Mourrain, Bernard et al.
HAL Id: inria-00072287
https://hal.inria.fr/inria-00072287
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
,pdfcreator=HAL,pdfproducer=PDFLaTeX,pdfsubject=Computer Science [cs]/Other [cs.OH]
Isolation of Real Roots and Computation of the
Topological Degree
Bernard Mourrain, Michael N. Vrahatis, Jean-Claude Yakoubsohn
To cite this version:
Bernard Mourrain, Michael N. Vrahatis, Jean-Claude Yakoubsohn. Isolation of Real Roots and Com-









   



















ap por t  
de  r ech er ch e 
THÈME 2
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Isolation of real roots and computation of the
topological degree
B. Mourrain — M.N. Vrahatis — J.C. Yakoubsohn
N° 4300
Octobre 2001
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)



















jybcehaoHpbCaWfkoWaHbc§lmxybnljY 9egdCraHegXbClgdCpQ£SUTWYQa Y@bnpegdnljYYQlhiTegaWY emHjTWY ¢YQxepegWjTWY6psY 9egdCraHegXbClgdCp
eha-jTWYu9egoHaH}WlmxyregjyTWYfhbc§hYa-xYQfgbCega-bca®§lmxybCegoHppoWuWbCajYxy§lmdnp|pejTHlmjjTWY6psYpoWuWbCajYQx§lmdnp ªegxyX
lpo«ibCYajdCrxyY¬HaHYQ}-uOehoWaH}Wlgxrh£
¯®°±²y³´ µg jeg9egdCegfhbCiQlmd}YQfgxyYYgm¶(·tpWdcbCaWY6pE _¢bCYxqioWxy§gYQpQxyYQlgdmxyeegjypQ¢QYxye bnpegdnljbCegaQdCeiljybcaHf
lgaH}-iegXWoWjbCaWfxetegjypQtpbCfga%}YjyYxyXZbCaHlmjbCegaqfhYaWYQxylgdcbC¢Y6}uWbnpsY6i­jybcehaqHiTHlgxylhi­jYQxbnpsjbni|uWbnpsY6i­jybceha
¸ ¹º»tºº(¼½6¾ª¿Àq¾ÁºÂQÃ­Ä6ÅEÆÈÇyÉÁºÊËÌÆÍÄgÃ­ÎÍÆÍÏs½ÐÑ ÒÑÓ­Ô6½ÂQÃ­ÄEÅEÆÈÇyÉÁºÊËÌÆÍÄmÃ­ÎÍÆÍÏÕ­Ö­Ó­Õ­×6½EØÙÚÇÊEÛ{Ü­ÑÝ ¼Ü{ÄÇÙªËÚÞÜ{ÊË@ÃßàÇyËÌÅEÜ{Þ|ÇyËÚÆÍÛ{Ï½áÊ6Æ âÜsÙ;ÏÚÆ ËÁãÃßÒWÇyËÚÙÌÇÏ1ºÙªËÚÆ äÛ{ÆÈÇÎH¾ÁÊËÌÜ{ÎÍÎÍÆÍå­Ü{ÊEÛ{Ü|ÀÜ{ÏÚÜsÇÙ;ÛæÅZçÜ{ÊËÚÜ{Ù{½èCáÒmº¾ªÀqçqéê½





	 - U  |Q 	  U$©-$,  	"?,$)
 





























jyTWY?oOpsY¦eg§ElgxbCegoOp¬W YQ}9egbCaj)jyTWYehxYQXpTWbCiT ilma u9Y?Hxe§tbn}YQ} utr XY6lmaHp)emjehOehdcehfgbnilgd
}WYfgxyYYBA WHhDCg"CWmEC[tDCGFIHÚ£
¤tbCaHiY%¤jyYaWfhYx6¥ pxYQXlmxyElguWdCY)lmaH}©WbcehaWYYQxbCaWf¦ egxyJA FgIHÚ=Xlgar lgWWxyehlgiTHYQpTHlE§hYu9YYa }Y¡
§hYdCeg9YQ}¦lgaH}?psjoO}bcY6}®jye-iegXWojyYjyTWYjyeg9egdCegfhbCiQlmd(}YfhxYQYem lªoWaHijbCegaK>;pYYYg£ fH£C.Acm9FCHq[g[t
[gq[GLFWmFg[t9FgFWMCmHCGNOLH@?£¤jYQaWfgYQxQ¥ p`XZYjTWe}?Y WxyYQpypsY6p|jyTWYjyeg9egdCegfhbCiQlmd}WYfgxyYYeml
iegajbCatoWegoOpXlgWWbCaWfP3OQ:R5%S-TUVWVVXUSQY8Z [BQ]\_^ QK` ^ Q }Y¬HaWY6}+eha¨l-u9egoWaO}YQ}}ehXlgbca [*Q




jyTWY)ehxbCfgbCa¨bcae^ Q ?b jyTWbca[*Q£  a HlgxsjybCioWdClgxQ
p




































HdcY tbcj{rlmdCfgehxbcjTWX ªehx iegXWojybcaWfZbcjTiYxjylgbcaj{rZjTWYjehOehdcehfgbnilgdO}YQfgxyYY|ªehx lgatrªoHaHi­jybcehaªxyegX




 bCplmj)dCYQlgpsj nW£ s dnpseO jTWYQr Y6p{jlmuWdCbCpTWY6} lehxypsjs¡êilhpsY-dce Yx)uOehoWaH}
 :	)5v8hgehajyTWYatoWXuOYQxegqªoWaHijbCegaY§lmdCoHljybcehaHp1aHYQiY6ppylmxyrjeiegXWoWjY|jyTWYjeg9egdCegfhb ¡
iQlmd9}YfhxYQYUªegxlgatrªoWaOi­jbCegal3  ªxehX jyTWYidClhpp £=SUTWYQbcx lmdCfgegxybcjTWX ilmdnioHdClmjYQp1jTWY`}YfhxYQYoHpbcaWf














eg [psYQHlmxljyYQ}+url¦}bnpsjylmaOiY"#$%	&)5v8bCa jTHYbcaW¬HaWbcj{r¨aHegxyX-jTHYa& egoHd jlgaH}©¤tbCgehxyptb
TOlE§gYpTWeajTHlmj( YUlmxyYlmuHdcY je`Y§lgdcoHlmjYjTWY jyeg9egdCegfgbnilgd}WYfgxyYYb jyTZiYxjylgbcaj{roHpbcaHf
¤jyYaWfhYx6¥ p
XYjTWe} A CHÚ£1SUTWbnpbnppseu9YQiQlmoHpYgbCa-jTWbnp|ilhpsYhWlpso«ibcYQahj|xyY¬OaWYXYajbnpUegujlmbCaWYQ}£

























/  9	, 	') 































SUTHY`UlErjyTWYY§lmdCoHlmjbCega)egªoHaHi­jybcehaHpbnpUYaHiet}WYQ}-bca +HoWYaOiYQp jyTWYlmaOps Yx6tTWbCiT%bnpUoHpoHlmdCdcr)OY6p{¡




















YjySPZ-^ ` ^u9Yl9egdCrtaWegXbnlmdWeg}YfhxYQY%$OhbcjT)ietY«ibCYajypbCa^ £ s 9ehpypsbCuWdCY|xYQWxyYQpYajylmjbCega
ªehxUjTWbnp9egdCrtaWegXbnlmdbnpUb jp'5&$(' "-8ª·tlgxxlErZem=ietY«ibCYajpUbca-jTHYXZehaWegXbnlmduHlhpsbnp "-U*)UVVWVXU+),.-
Sg5)o8g: ,/0213 S 0 ) 0 V
-¨YbCdcdiegaHpbn}YxUTWYQxYlmaHemjTHYxuHlhpsbnptfhbc§hYa-urjTWY _¢QbcYQxOehdcrtaWehXbClgdCp4-
 ,5 5)o8g:76 $ 8:9 ) 5 5 ";)o8 ,4< 5 U 8 : nDUVWVVXU*$EV
-¨Y}YQaWemjyY`utr 5 5 8 5 13>=@?@?@?@= , jyTWYietY«ibcYQahjpUemuS®bCa-jTWbnpuHlhpsbnp>-
Sg5)o8g: ,/ 5 13  5  ,5 5)o8V
ÀÀ ÊDÔ­Õ­Õ
C
SUTHY9egbCajypl5< 5 8 5 13>=@?@?@?@= , TWYxyYx< 5 :  5, U* 5 ªehxX THlmjZbnpilmdCdCYQ}jyTWY-iegajxyegdOehdcrtfhega©eg|jTWY9egdCrtaWegXbnlmd9S >;pYY6AcE[Hw?­£
s §lmdCoWYkegl9egdCraHegXbClgdYS%iQlmau9YY6lgpbcdCriegXWoWjYQ}ªxehX jyTWbnpxyYHxY6psYQahjljybcehaqmoHpbcaHfjTHY`}Y lhp{jyYd zslmo%lmdCfgehxbcjTWX -  35 : 5 U 8 : nDUWVVWVXU+$"U 5 : 5 "; )o8   < T5 ' )  < T5 T 5)o8U 8 : nDUWVVVU+$ ;V
SUTHY§ElgdcoHYZegySg5)o8|bCp 2,3 5)o8£-SUTWbCplgdcfhegxyb jyTWX xyYQvoWbCxY6p
	 5$  8klmxybcjTWXYjybCiehOYQxylmjbCegaHp
lgaH}	 5$D8XYQXZehxr psHlhiYh£ 0%egxyYe§hYx6|jTHY©iegajyxehd`9egdCrtfgehaHp < 5&)o8]: 5}< 33 U< T3 UVWVVXU%<#,3 8)lmaH}  5)o8:
5 ,3 U ,4< TT UVVWVU 3, 8{>;TWYxyY< 5 :  , U 5 lgaH}5 : 5, U* 5 ?xyYªYQxje&jTWY¦xyYQpsjxybni­jbCegaeg*S eha nDU*)@lmaH}  )U "Ú£*-¨YiehaHpbC}YQx
jTWYp9YQibnlmd@§ElgdcoHY )c: T ªehx
jTWYpoWu}bC§bnpbcehapsjYQbcaegoHxlmdCfgeg¡
xybcjTWX%£©SUTWYj{e¨iehahjyxehd@9egdCrtfgegaOp < 5)o8U  5&)o8}Y6pixbCuOY)jTWY-ªoWaOi­jbCegaOp6S 3 5&)o8x:mS! #"%$ lmaO}
S T 5&)o8g:rS  "  T $ egajTHYbcajYQx§lgd  nEU "&æ£
s ªoWaO}WlmXYajlmdqWxyeg9Yxj{remjTHYYQxaOp{jyYbCaxyYWxyYQpYajljbCega)bCpUjyTHljjyTWYioHx§hY`}Y¬HaWY6}utr -)('  nDU " ` 5&)USg5&)o88('{^  U
bnp iegajlmbCaWYQ}bCajyTWY
iegat§hY ToHdcd9emqjyTWY`Oehbcajyp 5)  $"U+ 0 8*) :=nEUVWVVXU*$H£1SUTWbnp@ªegdCdce|pYQlhpsbCdcrªxyegX
jyTWYidnlgpypbCiQlmdYQvoHlgdcbcj{r ).:,+ ,0213 0 ,  ,0 5&)o8y£-¨Y}YaHemjYutrlS  5&)o8=jyTWY
ªegdCdCebcaWfZ9egdCraHegXbClgd&-
S  5&)o8.: 5 " ' )o8 , S 6 "" ' ) 9 : ,/0213 6 $) 9  0 ) ,4< 0 V ehaHpYQvoWYajydcrhWjTHYdCetiQlmdCbc¢6ljybceha®em(jTWYxY6lmdxetemjp|eguSg5)o8bCa®jTHYbCahjyYxy§lmd  nDU "&bCpYQvoWbC§lmdCYaj|je
jyTWYdCetiQlmdCbc¢6ljybceha)emjTHYxY6lmdxetegjypUem.S  5)o81bca-jyTWYbcajyYxy§Elgd  nEU'.-  £
s aWemjyTWYx|bCajYQxY6p{jybcaWfZWxyeg9Yxj{remjTWbnpxyYWxyYQpYajljbCegabCp jyTWY
ªegdCdCebcaWf#-
/  ´101´ 2Á32 ´547698;:=<()E!#?>oX &B2,-JX()
v,v&B	()t@!EY.A : 5& 5 8 5 132=@?@?@? = , >
!#YB	()"!#B>oB6W
	 &'S @e	(#6@E	$DCI




/  ´q´1L8 SUTHY)¬Hxpsj9egbCahjbnpZl+}bCxY6i­jiegaOpsY6vhoHYaHiYem|jyTWYNM1lmxybClmjbCega  bcXbCaWbnpsTWbCaWf¨Wxyeg9Yxj{r¨eg
 _Q¢bCYxioWxy§gY6pAcE[tWq£ F-HÚ£











$ '" < 5 < T ' 6 ";
8
















 CW 3em  YU*æ£ s ¶++"2@Yf!#DC & GX $ oX










}YfhxYQY $)?Zega jTHY-bCajYQx§lmd  
 5 U
 5 T klgaH} }WY¬HaWY6}&utr jyTWY®iehahjyxehdUOehdcrtfgeha5   5   U* 5  %8  13>=@?@?@?@= ,4< T TWYQxY.-
 5 : "$ 5
 5 ' ' 
 5 ,4< T 8V
 aegx}Yxje`xyYWxyYQpYajlOehdcrtaWehXbClgd"! egO}YQfgxyYY $
bcjTZiehahjyxehdh§lgdcoWY6p  3 UVWVVWU*  ehajTHY bCajYQx§lmd nDU "&æYjylggYjTWYpsoHu9}bC§tbCpbCega
 3 :#:$
 ,4< T : nW%
 , :&M:'
  ,4< T : "g£SUTtoHp`YZTHlE§hY  :  , HlmaH})jTHYiegajyxehdOehdcrtfgeha}Y¬HaWbCaWfjTHYioWxy§gY`bCpjTWY







( jTWYiegajxyegd§lmdCoWY6p% 3 UWVVWVXU*£
SUTHY
lguHpyibnppylgpc5  5 8 5 13>=@?@?@?@=  <, ilgau9YiehXZHojY6}}bCxyYQi­jydcr)ªxehXjTHYQpY`§lgdcoWY6p£
°"* 4 2 4,+ .- °  ° 0  °  ° 4 62 ´14(8 ]`bC§gYa l ¡æpWdCbcaWYhbCa egx}YQx
je®fgYjl%XegxyYWxY6ibnpsYxyYWxyY¡
pYajljbCega¨em jTHY)plgXYioWxy§gYYiQlma¨xY¬HaWYjyTWY)poWu9}Wbc§tbnpsbCegaq£SUTWbCpjylgp¦bnp9YxªegxyXZY6}¨ur?jTWY





jTHlga-jTWYatoWXuOYQxem(xY6lmd¢YQxepUemjyTWY9egdCraHegXbClgd! ehajyTWYbCahjyYxy§lmd  "Uæ£
(  rbCaHpYxjbCaWfklpYQvoWYaOiY1egtY6voWbC}WbCpsjylgahjOehbcajypbca  YU*æQjTWY psY6vhoHYaHiY=emW9egdCrfhegaHpiegat§gYQxfhY
jejyTWYioWxy§gYh£





   !    	
% !
-¨YbCdcdoHpY|w=xyeg9ehpb jybceha[W£cjebnpegdnljYjTHYxY6lmdxyeegjypeml(¡êpsHdcbCaWY ªoWaHijbCegatSg5&)o8qehaZlgaZbCajYQx§lmd  U æ£SUTWYiehahjyxehd9egdCrtfgeha?bnp`l)¬Hxp{jlgWWxyeE tbCXljybceha®em@jyTWYioWxy§gYh£  jilga?u9YZoOpsY6}®je%fhbc§hY






 5 TDb jyTjTHY 7H¡ælm tbnpbCp;nehx"hjTWYQa) YtaWejyTWYY Wlgi­j atoWXu9YxegxyetemjypUbcjTHbca-jTHbCpbCajYQx§lmdÚ£  jyTWbnpbCpUaHemjjTHYilgpYg Y
OYQxsªehxX jTWYpWdCb jjbCaWfWxyetiYQ}oHxYh£
SUTWbnp(lmdCfgehxbcjTWX bnpxyYdnljyYQ}je|jyTWYUlmdCfgegxybcjTWX Wxyeg9ehpYQ}bCaACQHlgaH} A mHuWoWjjyTWYUiegxyxyYQpOehaH}bCaWf
lgojTHegxp1}eaHemj@fhbc§hYklmatrZWxY6ibnpsYkxY6psoWdcj@egjTWY`iegXWdCY bcj{regjTWbnp lmdCfgegxybcjTWX%£(SUTWbCp@bcdCd9uOY`}egaWY
bCa-¤YQi­jybceha%[W£ O£
kemjybCiYjyTHljUjyTWbCpUlgdcfhegxyb jyTWXbCpUlgdCpexyYdnljyYQ}jyejyTWYkpOYQaHpr¥ p XZYjTWe}aA F-ChHÚ
utrlmWHdcrtbCaWf©jyTWY+iTHlgaWfgY®eg§lmxybClguWdcY	) '  nDU'.-  ` "T  " '  nDU "  £|YxyY?bnp)l&XegxyY¦WxyYQibnpY}WYQpyixybcjybcehaegjyTWYlmdCfgehxbcjTWX -





<=$'&?> . (4 4@BA>! ?CDE# >)4FA
CDA4>G*7 5HI  !J>#
7$'&47 . K#4L"AM9 -/.0,213;GN
#%$'&PO!)Q* R5
CPS I & I  J>T#B<!&?<UL4#+#B9 -/.%,V.63;
CPSW4& I  J>T#B<!&?<UL4#+#B9 -X1Y,2143;
CP#&+Z[ J>#:<R$X&?<UL4#+#B9 -/.%,2143;GN
>CU# H Z\ !J>#
7$'&7PL#+T# -/.%, * .^]1"5T_`3,- * .6]1^5T_`,2143N
-  < ,   3 $'&AaL4SW^EF"W>G*S 5bN
T "T#Y*  < ,-c.%, * .^]!1"5_`365bN




d L (4L4 e$f<
THYxyY 7 bnp@jyTWY
psYj egbcajyYxy§ElgdCp@jTOljiegajlmbCajTHYxyYQlgdOxyetemjypQ < bCpjTHY`pYjUembCajYQx§lmdnp iegajlmbCaWbcaHf
ehaWY®lmaH} egaHdcr©ehaWY%xY6lmdUxyeegjQ O!)* Y5 bnpjTHY-atoWXuOYQxempsbCfga iTHlmaHfgYQpZegkjTHY¦psY6vhoHYaHiYfg :
5: 3 UWVVWVU* , 8@lgaH} AaL4SW^EF"W> bnp jTHY}Y  lgpsjYQd zslgo-poWu}bc§tbnpsbCega-WxyeiYQ}WoWxY >ÌpsYQY
lguOe§hY?£








9egdCrtaWegXbnlmd(emU}YfhxYQY $OxyYHxY6psYQahjyYQ}®bCa¨jTWY YxyaHpsjYQbcaUlgpbCpQ£  aJA NHqq£ Ng
HÚ  ehdcdCbcaOplmaH} qetehp




 - °t´  ° 	 6 8 :OX	'Sg5&)o8l: + ,0213  0  ,0 5&)o8 >o PD B*&a-+,
oo $ &"XX"	+e@r	()¶ D	+@ > &E9	q7 0 J ): "-UWVVVU+$>o	()x	&cS=Y:
	 1  7 5 ;7   E"!I-DI	()
	q
@"oo
E	j&j	(#.D BDS]o @ "3E <M(#X{	() "!#   !"# $t	$XB@Y
	+XEGf
ICX*	()zX@} .@v,l(#%
& E'  !I-D >
!#Ylf	()E!#?>oX*X!#f	+&E*&'	() "oW!#(   !"# $P 










8 E'  !I-DX.>
!#Y 
{	()'E!#?> c
@	(v6	xDXo	%D'& 	(#k"oW!#9   !"# $l 
: : " $"5&$(' "-8; 69*;,.0/  6 1 $0 943 ;<,.0/  5;v8 '  9 U
q()   	()E!#?>oX*2,
(#v,vX*'	()*X@!EX'5& 0 8 32=@?@?@? = , E= EN<()xE!#?>oX*&@"	+DC *@?>  '	(#*"!#B>o*&9W
	jS @  nDU " E
SUTHYp{jyoH}r)eg1iegXWdCY bcj{remjTHYlmdCfgehxbcjTWX xY6vhoHbcxyYQplxyYQibcWxyeilgd9xyYQpoWdcj|emjTWY  Y6piQlmxjYQpUxyoWdCYg£
 a);lgij  YkaWYQYQ}jeZaHe THYajyTWY
atoWXu9Yx emxyYQlgdOxyetemjp1emqS-ega  nDU "&æ}WYaWegjYQ})utrA@>2BD5%nDU "-8
Y6voHlmdnp ¢YxyeZbcXWdCbcY6pDC %)5g 8.:=nlgaH})THYaE@>2B#5%nDU "-8g: "`bCXZHdcbCYQpDC  )5Vgu8q: "g£3-¨Y`¬HxypsjfgbC§gY
 - °t´  ° 	 6 86FY!I-DI6	()	kSg5&)o8y: + ,0213  0  0 5&)o8 .@	(HGI7 T UVVWVU7 , .@	(7 , 'e^ !E(	()
	zn<I 7 , I TJ ,4<   J ,4< JJ ,4<  I 7 , I "a
YK 7 0 ML TN JPO PQ?RS#T R < T J )a: "GUVWVVXU*$ ;"%E <M(#X*J @	(#*	(#	UC %)5;A8u: " E
 - °t´  ° 	 6 8VWY!I-DIl	(#	jSg5&)o8*: + ,0213  0  0 5&)o8.@	(<GXoI7MTUWVVVU7 , !EX(	(#	X 7 0 2LTN JPO PQ RS < T J ) : "-UWVVWVXU+$5EB<M(#X*J @	z()}I*	()	YC %)5;A8u: n1E
SeWxye§gYjTWY6psY`jTHYegxyYXpU Y
aWYY6}
Z° 	 	 6 8 :9	\[Y578g:






	^ 7 0 U_a` , :b` RS#T R ; " J )e: "-UVWVVXU*$ ; " .@	( "?_c`<_ KE,<() J	(#X #dG 	
"!#B>o 0 !E({	(#	




ICXJ   n _J7?I  < N ,4< TQ  y7KL N ,4< T Q  <  Ju	(#Xa@	YX
@ q*	()
	 %C %v5: ,4<  ; 7  ,4< T UWVVWVU* 3 ;a7  T 8q: nDV
/  ´q´1L8 .Hegx ) : "GUVWVVU*$ ; "g YaHe jTHlmj4-
 ,4< T < 0 : /3 5 R 5 	

  5  ,4< T
0
 1 T 5 " 'e7 5 8V ehaHpYQvoWYajydcrbcj|TWegdn}Wp4-

 ,4< T < 0 ; 6 $ ; ") 9  I 6 $ ;(") 9 	3 5 R 5 

  5  ,4< T

0
 1 T 5 " 'e7 5 8;("

V
¤bcaHiYA 7 0 _f` , : 5 )8:,4< T ;("h*)6: "-UWVVWVXU+$ ; "gHb j|bnpUYQlhpsrjyepsYQYjyTHlj6
	3 5 R  5  	

  5   ,4< T

0
 1 T 5 " 'e7 5 8; "

I + 0 1 T  0 $ ` ,I 5 " ' ` , 8 0 ;("I 5 " ' ` , 8 ,4< T ; "j: `%;("GV
kYaHiYg=ªehxYQlgiT&egaWY-em )K: "GUVWVVXU*$ ; ")jyTWYxyY)Y bCpsjZxyYQlgdUaoHXu9Yxp  0 poHiT©jyTHlj  ,4< T < 0 : ,4< T0 $ 5 " '  0 81bcjT   0 If`; "g£1SUTWbnpUbCXZHdcbCYQpUjyTHlj  ,4< T < 0 L nZªegx|lgdcd ) : "-UVWVVXU*$ ; "g£
ajTHYemjTHYxTHlgaH}W Y
THlE§gY  ,4< 0 < T ,4< 0 : $ ; )) " '  0" '  0 < T V
SUTHYªehdcdCebCaWfbcaWY6voHlmdCb jybcY6ptªehx ) : "GUVVWVXU+$ ;("h
"
8  ; `(I ";f  0  I " '  0 I " '   0 -:`vU
)8 "$ ;(" I $ ; )) I $ ; "-U
bCXWdCrjTHYOehbcajYQpsjbCXljY6p>-
 ; `
5&$ ;("-8 ` I  ,4< 0 < T ,4< 0 I 5&$ ; "
8 ` ; ` V ehaHpYQvoWYajydcrhb (Y
THlE§hY






jyTWYa¦lgdcdqjTWYvoHlgajbcjbCYQp% ,4< 0 < T ; 7  ,4< 0 ªehx ): "-UWVVVWU+$TOlE§gY
jTHYplgXYpsbCfgaq£|YQaHiYhHbcjkTWegdn}WpjyTHlj - C %v5: ,4<  ; 7  ,4< TIUWVVWVU* 3 ;a7 T8q: nDV
SUTtoHp jyTWYdCYXXlbnpWxye§gY6}£ O
/  ´q´1L ´KL  - °t´  ° 	 698 6*YjUoHpiegaHpbn}YxyS  5)o8g: 5 " ' )o8 , Sg5 " )5 " '	)o88£1SUTHYxyetemjypz7 0 emgS  5&)o8
lgxYj7 0 : T  ; "g£(SUTWY9egdCrtaWegXbnlmd ["5)o8g: ] ,4< T021 T 5&) ; 7 0 8g: + ,4< T0>13  0 ) 0 plmjbnp{¬OYQp=jyTWY
lgpypsoWXjybceha
eg'YXXl¨[W£c-b jyT ` :   +pbcaHiY T    _ ` , : 5 )8 RS#T R ; "g£ ¤bcaHiYg;nfIi7 , I TJ ,4<  egxJ ,4< JJ ,4<  IJ7 , I "hb jªehdcdCe|p jTOljy7 , L .$ ; ehxyn_ 7 , I TJ ,4< J £|YQaHiYhWbcj|TWegdn}Wp jTOlj4-C %)5 ,4<  ;a7 ,  ,4< T UWVVWVU* 3 ;a7 ,  T 8g: nDV
SUTHY
ietY«ibCYajypUegjyTWY9egdCraHegXbClgd9S  5)o8g:  3 5&) ;a7 , 8 [Y5&)o8@lmxyY -6 $) 9  ,4< 0 3 :  0 < T ;a7 ,  0 U ) : "-UWVVWVXU+$ ;("GU  , 3 : ;y7 ,  3 V
SUTHY`atoWXuOYQx|em(psbCfga%iTHlgaWfgY6pegjyTWYpYQvoWYaOiY;y7 ,  3 U  ,4<  ; 7 ,  ,4< TU VWVVU  3 ; 7 , TIU "GU
bnpUegaHYg£1SUTtoHp jTHY
jTWYQegxyYX bnpUWxye§gYQ}q£ O
/  ´q´1L`´KL  - °t´  ° 	 698 VqYjoHp`lmflmbCa®iegaOpsbn}YxS  5)o8k:_5 "')o8:,ISg5 "#)5 " ')o88£
SUTWYxetemjp 7 0
egOS  5)o81lmxyY 7 0 : T  ; "h£(SUTHYxyetemjypemjTWY`OehdcrtaWehXbClgd ] ,021 T 5&) ;P7 0 8g: + ,0213  ,0 $  0 ) 0 pyljybCpsªr
jyTWY)lhppoWXjbCega¨em YXXl¦[£Cb jyT ` :   -psbCaHiY T    I 5 )8 T O ,(;"h£  ehaHpsY6voWYajdCrgjTWYietY«ibCYajyp 0 lmxyY
OepsbcjbC§gY
atoWXu9YxplmaO}HC  )5A8.: nW£ O
/  ´q´1L)´1L  - °t´  ° 	 698;: s jjTWY®dCY§hYdyb emkjyTWY®xyYQioHxypbceha psjYQq@jyTWY¦lmdCfgehxbcjTHX      ! "#  $
iegXWojyYQpOehdcrtaWehXbClgdCpgS  5&)o8q: Sg5&)  Q ' Q   Q '  '
IT )8HTHYxyY(: 5 TUWVVWVU QY8I 5 'nDU "£s xyetemj)@eg.S  bnpUdcbCaWhYQ}-b jyT®lxyetemj;7¦em.S®utr
7l: )   Q 'WQ  Q '  'IT  DV
 STHlgp(lXoWdcjbCWdCYUxY6lmdxetemj6EjTWYlgdcfhegxyb jyTWX     !"#  $k}etYQpaWegjjyYxyXZbCaHlmjYpsbCaHiY@jyTWY iegaH}Wb jybcehaC %v5+S  8I "ilmaHaWemjUjeu9YxyYQlgiTHYQ}£
-¨Y
¬Hxp{j|iehXWojYlgaoHWOYQx|u9egoWaH})ªegxUjyTWYatoWXu9YxegxyYQioWxpsbCega)psjYQHpUjyeZfhYjC %)5%S  8q: "
bCa®jyTWYiQlgpYTWYxyYxS¨THlhpkpbcXWdCYxyYQlgdxyetemjypQ£ Yj 7 , '  nDU "&uOYlpbcXWdCYxyYQlgdxyeegjkemzS£.WxyegXYXXl[£CghYehujylgbcapo«ibCYajiegaH}bcjbCegaOp(ªegx1THbCiT C  )5+S  8g: "g£(SUTWYQpYklmxyY) , I TJ ,4<  lmaO} ) 0 L TN  QHRS#T R < T V -+YaWe YQpsjbCXljYb+ªegxTWbniT
) , :  Q	 7 , ; Q/0>1 T  0 0




 ) 0  L6 ) 0 ;) ,  ;) , L  Q  7 0 ;a7 ,  ;("L  Q %;("^L "5 J 8 RS#T R ;(" U ) : "-UWVVVU+$ ; "-V
¤bcaHiY  5$ ; "
8 TN   Q RS#T R < T jyTWYWxyY§tbCegoHp bCaWYQvoHlgdcbcjbCYQpUTWehdC}-TWYQa
b<L 	  ,.0/  6 "5 .$ ; )8  9 U ,.0/  6 1 $ ; 0 9 : ,.0/  6 1 $ ; 0 9 V
kY tjQHY
fgbC§gYlga-oHWOYQx|u9egoWaH}ªehxUjTWYatoWXuOYQx|emxY6ioWxpsbCega%psjYOp jefgYjC %)5%S  8g: nH£.WxyegX
SUTHYegxyYXA[W£ Hm Y TOlE§gY4C %)5%S  8g: n`TWYa? ) 0 L   $`ªehx()6: "-UWVVWVXU+$O£SUTHbCp(WxyY§tbCegoHpbCaWYQvoHlgdcbcj{r
THegdn}WpTWYQa  Q  L  , bÚ£ Yh£c"b L ,.0/     , $ £.bCaHlgdcdCrgHjTWYatoWXuOYQx|em=xyYQioWxypbCega%p{jyYHpkbCpkuOehoWaH}Y6}
utr
	 ,.0/     , $ £
SUTWYQxY¨lmxyY  0 9egdCrtaWegXbnlmdnpegj{r9Y S  lj)jyTWY?dCY§hYd )emxyYQioWxypbCegaq£ SUTWY  Y  lgpsjYQd zslgo
lgdcfhegxyb jyTWX aWYY6}Wp)lh}W}bcjbCegaHp-lmaH}3}bc§tbnpsbCegaOputr -b j-bCpYQlhpsr je psYQY®jTOlj-jTWYQxY?lgxY	$E5$ '!"
8




§lgxbnljybceha)YQvoHlgdje&"h£  egaHpYQvoWYQajdCrgtjTHYxY6ioWxpsbCega)jxyYYegTWYQbcfhThjklmj|Xehpsj ) :	 , ./     , $ THlgp
l%Xlm tbCXlmd=atoWXuOYQxemUYQ}fhYQpTHYab jp,.0/  5   8|¬HxpsjdcYQ§gYdnplmxyYZ¬HdCdcY6} lmaH}+jTHYpsoWuWjxyYYQplmxyYZeg
Xlm tbCXlmdTWYQbcfhTjQ£=SUTWYatoWXu9YxegY6}fgY6p bCpUjyTtoHpu9egoWaH}WYQ}ur -
   N  O #Q/0>13  0 ' ) ; , ./     '"   I " )5 ) ;<,.0/  5 v8' E8V
s pUYQlhiT-psjYQ-xyYQvoWbCxyYQp $E5$ '"
81ehOYQxylmjbCegaHpQtY
eguWjylmbCajTWY}Y6psbCxyYQ}-iegXWdCY bcj{ru9egoWaH}q£ O






xehaWYQihYx6¥ p(bCajYfhxylgd9A W[g[Hm-C#FmIHegaw=bCiQlmx}¥ p@Y jyYaHpbCega ACWN9QWhth
IHæ£
¤toHWOepsY?jTHlmjlªoWaOi­jbCegar3OQ : 5+S-TIUS#
UWVVWVXUoSQY8oZ [xQ \4^ Q ` ^ Q bnp)}Y¬HaWY6} lmaH} j{bniY
iegajbCatoWegoOpsdCr)}b19YQxYQajbnlmuWdCYbca®lga®eg9Ya®lmaH}-u9egoWaO}YQ}®}ehXlmbCal[*Qemu^ Q b jyT®uOehoWaH}WlgxrY[*Q£
¤oWW9ehpYªoWxjTWYQxkjyTHljjTWY¢YQxep|em=jyTWYY6voHljybcehaf3OQ578k: <qTWYxyYj<'a^ Q bCplfgbC§gYQa®§gY6i­jehxQ
lgxYaWemjdCeiljyYQ}&egaY[*Q lmaH}©jTHlmjZjyTWYr lmxyYpbcXWdCYgbÌ£ Yg£C1jyTWY®}YjyYxyXZbCaHlgahj6! #"%$'&)(@emjTWY*hlgieguWbnlmaXljxybc )emq3OQ%ljUjyTWYQpY¢YQxepbnpUaWehat·¢QYxyeH£
+-°"* 4 2Á32 ´14V 8;:=<()" !,0 .- 0/213-54613187k3gQ<";<9461  "# :81" {['QJ t-Y
	+ > ;5 /  3gQMU&[*QU
< ;






! /  3 Q U[ Q U<M: / '& T R( N Q (  /   5 3"%$ & (5798 $ U >{?
q(#Xo  /M5





 /5	 8g: ;
"GU b  	 _Jn JnDU b  	 : n J
"-U b  	 Jn E >Ì[-?
SUTHYjehOehdcehfgbnilmdO}YfhxYQYbCp@bcat§lmxybClgaj1oWaH}YQxiTHlgaWfgY6p=emjTHY|§gY6i­jehx9<bCajTHYpYaHpYUjTHlmjQb   'P^ Q
bnplmatr§hYQijegx6jTWYQa%b j|TWehdC}HpUjTHlmj'A GNWq£CFvLH:-
5 /  3 Q U&[ Q U<  ! /  3 Q ;)U[ Q U< ; 3%U
THYxyY{3gQ ;?}YQaWemjyYQpjTWY%XlmHWbcaHf 3gQM5798 ;t 7 ' [*Q£ SUToOp=ªehxpsbCXWdcbnibcj{r©xyYQlhpsehaq=Y
iegaHpbn}Yx=jyTWYkiQlgpYTWYxyYUjTWY|jeg9egdCegfhbCiQlmdH}WYfgxyYYUbnp@}Y¬HaWY6}lj1jyTWY|egxybCfgbCa h Q : 5%nDUVWVVWUn#8qbCa^ Q £
SUTWY¦jeg9egdCegfhbCiQlmd}YQfgxyYY ! /  3 Q U[ Q Uoh Q ilgauOY¦xyYHxY6psYQahjyYQ} utr©jTHYfp
xehaWYQihYxZbcajyYfgxlmd
THbCiT-bCpkidCehpYdCrjbCYQ}-b jyT-;lgi­jpoHpYQ}dClmjYQx|lmaH}-bnp}Y¬HaHYQ}%lgp ªehdcdCe|p>-
5 /  3 Q U&[ Q Uoh Q : 5b v8
 Q O   (  
+ Q5 1 T 5 $-7MTgVVWV+$G7 5 < T>$-7 5  TqVVWV+$G7"Q +S-T  ' S#  '=VWVV ' SQ  $ Q O  U >;G?
THYxyY  5 }Y¬OaWY
jTWY
ªehdcdCebCaWf}YjyYxyXZbCaHlgahjp>-
 5 : 5;
"-8 Q N 5 < T Q ! 3"I3 Q  3OQ 7MT   3OQ 7 5 < T  3gQ 7 5  T   3gQ 7YQ U >ªv?
THYxyY  &8(   :   B R   U  B    UVWVVWU  B (    bCpjTHY )tjT iegdCoWXa3egjTWY}YjYxyXbcaOlmaj 5 3"%$'&)( egjTWY*hlgieguWbnlmaXljxybc  $'&8(£
 Y¬HaHb jybceha©W£CiQlma¨uOYfhYaWYQxylgdcbC¢Y6}¦TWYQa¨jTWYªoHaHi­jybceha¨bnpehaWdcr+iegajybcatoWehoHp6A W-NIHæ£  a¨jTHbCp
iQlgpYgMp
xyegaWY6igYx6¥ pUjTWYQegxyYX A W-NIH@psjylmjY6p|jyTHlj'3OQ578 : h Q¦TOlgp`lj
dcY6lgpsjegaHY¢QYxye)bCa [*Q®bc5 /  3gQMU&[*QUoh Q "!: nW£3.WoWxjTHYxyXZehxYhmbc"[*Q :K[ TQ$# [ Q TWYxyYk[ TQ lmaO}[ Q THlE§gYU}bnpªz{ehbcaj1bCajYxybCegxp
lgaH}{3OQM578%!: hjQªehx|lmdCdM7 ' Y[ TQ # "[ Q tjyTWYa-jyTWY
jehOehdcehfgbnilmd}YQfgxyYY
bnplg}W}bcjbC§gYhbÌ£ Yg£ -
! /  3OQMU[*QUoh Q :
5 /  3gQMU&[ TQ UhjQ% '9! /  3gQU&[ Q Uoh Q +V >F-?
ke1psbCaHiY ! /  3OQMU[*QUqh Q UbCpZYQvoHlgd1jye?jyTWY)atoWXuOYQxegk¢YQxepemj3gQM578x: hjQ jTHlmjZfhbc§hY
9ehpbcjbC§gY}WYjYQxXbCaHlmaj`em=jTHY *hlgieguWbnlma®Xljyxbc %XZbCatoHpjTWYZatoWXu9Yx`em1¢QYxyehp|jTHlmj`fhbc§hYaWYfljybc§hY
}WYjYQxXbCaHlmaj
emjTWY*hlgiehuWbnlma?Xlmjxyb  jTHYjyemjlmd=atoWXu9Yx  em ¢YQxepegz3gQM5798 : h Q?iQlmaqqeg
iegoWxpYg6uOY egujlmbCaWYQ}ur`jyTWY@§lmdCoWY em ! /  3OQU&[*QU
hjQ%tb 9lmdCdgjyTWYQpY@¢QYxyehpqTOlE§gY=jyTWY pylmXY psbCfgaegWjTWY





3 Q  T : 5%S T UVWVVXUS Q UoS Q  T 8oZ&[ Q  T \K^ Q  T ` ^ Q  T U >CG?
ÀÀ ÊDÔ­Õ­Õ
Q
THYxyYjSQ  Ty:  ! #"%$'&8(tlmaO}[*Q  T bCp1jTWY}bcxyYQij@Wxye}oHi­j1egjTWYk}WegXlmbCaB['QZbcjT)lgalmxyuWb jyxylgxrbCajYQx§lmdegOjyTWYxyYQlmd h·l bCp(iegajylgbcaWbCaWf`jTHYOehbcaj 6: nW£(SUTWYaZjyTWY¢YQxep(emHjyTWYªehdcdCebcaHf`prp{jyYX
egY6vhoOljbCegaOp>-
S 5 57MTU7 GUVWVVXU7"Q8g: nDU 8 : "-UWVVWVXUb.U
  ! 3" $'&8(57T










 - °t´  ° 	 V 8 : A gIHFE <(#	$	$9E!#?>   &GW*y3 Q 578.: h Q  j,
 CX >   : ! /  3gQ  T
U&[*Q  TIUoh Q  TD+U >NG?








x&k[*Q  T E
UlgpYQ}©ega jyTWbCpQ1 YlgxY-lmuWdCYjye?fgbC§gY-idCehpYQ}ªehxXoWdnlgpªehxjyTWYjemjlmd atoWXu9Yxem|xyetemjp£ s p
ªehxY WlmXWdCY)bCa©jTHY-oHaWbc§lgxbnljyYilhpsYh=dcYj{5YU*8
uOY%lma eg9Ya©bCajYQx§lmdUbCa ^ lgaH}©poWW9ehpY)jyTHlj
SgZ  YU \_^ ` ^ bnpj{bniYiehajbCaoHegoHpdcr+}b21YxyYajybClguWdcYh£ s ppoWXYªoWxjTWYQxjTOljxSg5&"8vSg5:8!: n
lgaH}jTHlmjlmdCdjyTWYxyeegjypUeg.S¦jTHlmjkdCbcYbCa5&YU*I8lmxyYpsbCXWdcYh£ SUTHYaqOur-lmWHdcrtbCaWfP>{?Uªegx bf: ZY
ehujylgbcajTOljjTHY
jemjlmdatoWXuOYQx   em(xetemjp emuS%jTOlj|dCbcY
bCa 5YU*81bnpUfgbC§gYQautr AÍ[H:-








  578 $-7 ' " " 0 6  Sg5&"8+S
5I8;Sg5:8+S
5&"8 Sg5E8$Sg58 '   S 
 5&"8+S 
 58 9 U >;G?
THYxyY









bCajYQx§lmd  YU*æ£Z~|YQpoWd jp
b jyT?jyTWbnplmWWxyehlhiT?ilga+u9YZªegoWaO}+bCaJA [g[mOHæ£ s dCpeHqbCaJA [g[H@l
ªxlmXYQehxªehx1jyTWYkpsjoH}reg9jyTWY|Y t9YQijY6}iehXZHdcY tbcj{regjTWYkWxehuWdCYX em¬HaH}bCaWfbcjTiYxjylgbcaj{r
lgdcdpsbCXWdCYxyeegjypkem@lªoWaOi­jbCega?THlgpuOYQYa¦HxY6psYQahjyYQ}®lgaH}%xY6psoHd jpkTHlE§hYuOYQYa?pTWea%ªehxkjyTWYiQlgpY
THYa®jyTWYxyetemjpklmxyYoHaWb ªehxXdCr%egxlgxuHb jyxylgxbCdcr%}bnp{jyxbCuWojyYQ} >ªbcjT+liehahjybcatoWehoHpk}WbCpsjxybcuHojbCega"?kbCa
jyTWY¦iehaHpbC}YQxY6}©bCajYxy§lmdÚ£.WoWxjTHYxyXZehxYh@bCa A [gIHkbcjbCpHxe§hYQ} jyTHljjyTWY®Y 9YQijYQ} §lmdCoWY]>ªbcjT
xyYQp9YQi­j@jejyTWYiegaHpbC}WYxyYQ}}bnp{jyxbCuWojybceha"?=egjTWYkjbCXZY6p1jyTHlj YkaWYY6}jelgWWdCrjyTWY|ªehxXoWdnlt>;v?=bCa
ehxy}WYxUje)bCpegdnljyYcbxyetemjyp>wb L )8@bnp 	t5b^,.0/ bq8y£ kemjybCiYjTHlmjlma%ehjbCXlmdlgdcfhegxyb jyTWXªehxkpsehxsjybcaHf







xyegaHYQigYQxs¡êw=bnilgxy}¨bCahjyYfhxylgdUiQlma uOY®lgdCpe¨lgWWdCbcY6} ªegxZjTWY¦}WYjYQxXbCaHljybceha egkjyTWY-jemjlmd
atoWXuOYQxem(XoWdcjbCWdCYxetegjypcAchmq6O[gEF-FHæ£
.HegxjyTWY¦ilhpsY%emiehXWdcY &¢YQxepZjTWY%ªehdcdCebCaWf¨jTWYQegxyYX psjylmjYQpZjyTHlj)jTWY%jyemjylgdatoWXu9Yxeg







 - °t´  ° 	 V 86 A C-NIHFE 9	[\ =>oxa# >o!#-6+,-Yt	gSPZ
[
 `   >x 	%EY!I-DI 	(#	S (#IjGI 
;Y[6Y6o!#  	(#	u@GX &kS	(#	q c@x[6
j@jYE<(#Xa	(#*	$	$"!#B>o   &GIjS  *@!E	$ 5 /  3-U[
-Uoh&J q() %






     k   "Yk   4  	Y
 
     " %  
¤Y§gYQxylgd(XZYjTWe}Wp`ªehx
jTWYiegXWojljybceha?em jTHYjyeg9egdCegfhbCiQlmd=}YfhxYQYTOlE§gYZuOYQYaWxyeg9ehpYQ}¦bCa¨jTWY
OlgpsjªY rgYQlgxypl>;pYY-Yg£ fH£C A C1[g[t1[mW.FguFg[t.FmH@?£©Se+Y§lmdCoHljyY)jyTWYjeg9egdCegfhbCiQlmd }YfhxYQYg(Y
oOpsY?¤jyYaWfhYx6¥ pXYjTWe} jTOlj)bCa psehXZY¦idClhppYQpegªoHaHi­jybcehaHpbnplma lgdcXehpsjegWjbCXlgdkiehXWdcY b j{r




em#[ Q £  aHlgxsjybCioWdClgxQEbcWjTHY@u9egoWaH}Hlmxyr`eg
[ Q iQlmau9Y |spo«ibCYajydcrxyY¬HaWY6}v~|jTHYa-¤tjYaHfgYx6¥ p@XYjyTWe})fhbc§hYQp1jTWY`§lmdCoWYegqjehOehdcehfgbnilgdO}YQfgxyYYg£




3 Q : 5%S T UoS  UVVWVUS Q 8Z Q \ ^ Q ` ^ Q  6"	@"!E!) .@	({h Q 'K3 Q 5= Q 8DEB cbe: " J  T
 B 	$ >oB! KXE	%   <uY{
	 Ct	$  /;3qTIJ  n('=3.TI5= T 8E  cb  " J ! Q  B
	$ >ol! KX"	 a <uYa	% C 	+  /;3gQ5J'   Q ()I>ooJ!K>
 CWG f	()
	'@	'6  >o
.@	%	$XPIcx!#" &c< E@	$ E!#?> j5b ; "-8")@ XE
Y
Yo%,-E$# Q < TT U%# Q < T UVVWVU&# Q < T' JG(J
D 	@), & ]!#E  <u"@	+PE!#?>P&{5b ; "-8"




Yt()#CW@),l	(#uX@} .@v,6"#	X %"8 	(#*@"	+x	(#	# Q < T5  #
@ . B
 )(@E	 
YG(*# Q < T5  EX	$,+8 X oG(]+,-# Q < T5 J	(#XP#dG 			*
YP #
YE	'&x3OQ5J.- X d) "} S 0/ J	(#	y-'	 CI
E (P
 @	0+
1 8  jS  !: nf# Q < T5 Ju	() # Q < T5  ! KX"	  o=< Y 
	 C*	$  /;3  q(#X %
3 Q < T : 5%S T UoS  UVWVVXUS   < T UoS    T UVVWVUS Q 8V
-¨Y?aWe iegaHiYajxljyY¦ega }bCXYaHpbCega W|lmdcjTWehoWfgT Xlmatr emjyTWY¦ªehdcdCebcaHf xY6psoWdcjypilga uOY
Y tjYaO}YQ}jelZTWbCfgTWYQx|}bCXZYQaHpbcehaq£
+-°"* 4 2Á32 ´14V 8 V
' +,
 E	  < 5 U<  z *- <uY6	$H>o*X  3213/ 54$" 184   367D 2 1'4  1 $" 13/ ,0'4"# $)7"[7D " 8 1 $ / ,0  $ "92O< 5  $ /j<   $ /  $" 184  '4q5< 5 U%<  8DE ' , )4 "# "# $ ! & "[x c@	(#X 	(#'X "	 	k




Y[  : :/ 5 1 T  < 5 U%< 5 T %U < :  T :]< T V >sQG?
ÀÀ ÊDÔ­Õ­Õ
C
Z° 	 	 V 8 :'4X "	 tD	%@	
 ! X
{a! KXE	 <uX E	*&l	(#>o!#YG  "[
oX
	 C	$x	(#c2,
fc;!#X	% 3 : 5+S-TUS#I8   E x  5< 5 U%< 5 T8 t5<  U<   T8g:cX'@8 !:
 -X(  < 5 U< 5  T;Ju	()BdG 	'lo
jDX"	; 3IJ. xS  Ju	()
	z D	$"	u2,
-+ E@3E J%!: n /   < 5 U< 5  T JzYt	(#*oX @"@v,{o
jDX"	; 3   'Y
GXo	< 5  < 5 T E





! /  3  U[  Uoh  M: " :/ 5 1 T 5;
"-8   < T ! /  S    T U  < 5 U< 5  T +UnIOd   / yS   5}< 5 8U >sg?
THYxyY 5 bnpUjyTWYbcaO}Y -emjTWYiegX9egaWYQahjegq3  : 5%S T UoS  8=jTHlmj|THlgpkiegaOp{jlmaj|psbCfga-ega  < 5 U%< 5 T ÚS J : S T  5 /  S  U  < 5 U< 5  T +UnIY:   /yS  5< 5  T 8;  /yS  5}< 5 8 #ElmaH}   / yS  5< 5 8g: 5 "GUb "S  5}< 5 8nEU>;
"`b uS  5}< 5 8 _ nG?£s ehxypsjs¡êilhpsY(dCeYQxuOehoWaH}
ªehxqjTHY1atoWXu9YxemtªoWaHijbCegaYQ§ElgdcoOljbCegaOpaWYY6}YQ}urjTHbCplmdCfgegxybcjTWX
bnpY WxyYQpypsY6}bCajyYxyXpegHjyTWYqbCHpiTHb jy¢UiegaHpsjylgajem3  bcjTZxyYQpOY6i­jjec[  lgaH}jyTWYbCa¬HaWbcj{raWehxX
egg3lmdCegaHfjyTWYuOehoWaH}Wlgxr)em9[g£
0%ehxY`ps9YQib ¬9ilmdCdCrgdcYj   nEU "Ed  nDU "&uOYjTHYkoWaWbcj|pvoHlgxYkbca^  lmaO} 	
 uOYjTHYbCa¬HaWbcj{r
aHegxyX bcaP^  £.Wegxfhbc§hYaOepsbcjbC§gY
ZlmaH}&	 }Y¬OaWY
  :3  Z  ` ^  Ur3  : 5+S T UoS  8zZX3  5798";3  5  Y8 
 I 	7 ;   
 79U  H'&
X3-5798
 L   7 '   0  	#5v8UL "OV>s6[-?
 ehoWd j-lmaH}3¤bchegxpstb|WxyYQpYajyYQ} bCa A CIH
lga egWjbCXlgd`iegXWdCY bcj{r lgdcfhegxyb jyTWX ªehxiegXWojybcaWf&jTWY
jyeg9egdCegfhbCiQlmd}WYfgxyYYªegxlmatr¨ªoWaHi­jybceha©ªxyegX jTHY-idClhpp  £SUTWYQbcxlmdCfgehxbcjTWX iQlmdnioWdnljyYQpjyTWY%}Y¡
fhxYQYoHpsbCaWfe>sg?£SUTWYQr?THlE§hYY WlmXbCaWYQ}+jTHY)iehXZHdcY tbcj{rgbÌ£ Yg£XbcaWbCXlmd@iehpsjem jTWY)WxehuWdCYX*eg
jyTWY®ilgdCioWdClmjbCega emkjyeg9egdCegfhbCiQlmdU}YfhxYQY)ªehxªoHaHi­jybcehaHpªxyegX idnlgpyp   lmaH} iehaHidCoH}Y6}©jyTHljbcjbCp
lga lmdCXZep{jehjbCXlmdkiegXWdCY b j{r lmdCfgehxbcjTWX%£ SUTWYQr lhppoWXYQ}&jTOlj)Y6lgiTlmxyb jyTWXYjbni%eg9Yxljybceha
5 'xU;'U)U6U   5#88yhY6lgiTdCegfgbnilgdeg9Yxljybceha >ÌlmaH}qhehxQhaWemj?=egxiegXHlgxbnpega{5 'U _'U\L'U\I'UY:xU$!:8
iehpsjyp@oWaWbcj{rglmaH}ZjyTHlj YQlhiTªoWaHi­jybceha)YQ§ElgdcoOljbCegaiehpsjyp 1 £ s dnpseOgjyTWYrWxye§gY6}jyTHljUlmatrlmdCfgegxybcjTWX
jyTHljpegdC§gYQp@jTHYWxyeguHdcYQX XoHpsjUoOpsY`ljUdcY6lgpsj  :%	&)5v8ªoWaHijbCega)YQ§lmdCoHljybcehaHplgaH})ldCeYQx
u9egoHaH}-egajTWYiegXWojljbCegaOlmdqiehXWdcY b j{rbnp   d 5 1 ' #8; "g£
SUTWY®lguOe§hY-iQlma uOY®Y jyYaH}WYQ}&je¨jTWY®iQlgpY-THYxyY)jyTWY¦}egXlgbca em
bcajYQxY6p{jbnplmalmxyuWb jyxylgxr







































+-°"* 4 2Á32 ´14V 8FY!I-DI*	()
	uT





 	(){X}I!# [BQ &lJ#J
Y >o!#YGf-
6
@f[*Q EP y< 'J^ Q    D@E	 !E( 	(#	
< ' uT5 Y['QY8' < '3
5=Y[*Q8JzYt '	()*  () 	$ 0%
 Z [xQ{d\ ^ Q  T ` ^ Q U B:  nEU "&+U
!EX({	()
	]57OUn#8z: T 578Je579U "
8 :  578 .@	(e579U*)o8 !:=<lX
B@g57OU+)o8 ' Y[ Q d*Jk	(#X
uTY 3lo*
 	$!>o 8 "! " 5,  ^#:  /  $#-*< E
SUTHY`THegXemjyegtrbCa§lgxbnlmaHiYegjyTWY}YfhxYQY
bCpUfhbc§hYa-ur -
 - °t´  ° 	 V 8V A #®´ 	 ´  ´10±$4&% I2ª 4  °GH9A WWEgGNIH Ez w' T (  ;() 	$YIC@),
< 	(#X ! /  ]5}U+)o8oU&[ Q U< z(#I	()* 
C2!EzX
x@ ) '
Y{D@!EX"	  5 /   T U[ Q U<:5 /    U[ Q U<+V
s piehaHidCoHpbcehaemSUTWYehxYQX W£ W  Y®¬HaH} jyTHljjyTWY®jehOehdcehfgbnilgd|}YfhxYQY%}WY9YaH}Wp)egaWdCr&ehajTWY
§lgdcoWY6p
emUjTHYiegaOpsbn}YxyYQ}?ªoWaHijbCega eha+jyTWYu9egoWaH}Hlmxyr Y['Q¨egjyTWY}egXlgbca [*Q£  aHlgxsjybCioWdClgxQ
bc) T U  Z [ Q \_^ Q=` ^ Q lmxyYj{e®iegajbCatoWegoHp
XlgWWbCaWfhp}WY¬HaWY6}ega¨jTHYidCehpoWxY [ Q egUlga
ehOYQa lmaH} u9egoWaH}WYQ} }ehXlgbca [ Q lmaH} bcy< ' ^ Q bCp)lmatr&9egbCajªegxTWbniT jTWY ! /   T U&[ Q U< Ú5 /    U[ Q U<lmxyY`}Y¬HaWY6}jTHYa®SUTWYehxYQX W£ ZbcXWdCbCYQp jTHY
ªegdCdcebCaWfZjTWxyYY`jyTWYehxYQXp4-
 - °t´  ° 	 V 8*_A +´  4 µ ±&,.-    °GHxA H1H@gW@-NIHFE  / T 5798t:0  578X 7 ' Y[ Q JB	(#X5 /   T U"[ Q Uv< : ! /    U&[ Q U< %V
ÀÀ ÊDÔ­Õ­Õ
N
 - °t´  ° 	 V 8  A /k´ 2 4 g  ,+Z´ -  HlA OUH|g|GNIHFE  wBXe-X( 7 ' Y[*Q 	()] @Y]X+,-6E	 uTI578U 3G578; GWX'Y
	 @E	$X	z	() D@E	Y<9Ju	() ! /  uTIU['QU%<: ! /  3
U&[*QU%<+V




 7' Y['Q Yt  uT
578"; 3G578 _6X
 7'l[*Q]	(#X ! /  uT
UE[*QU




lgWWxyeE bcXljybceha bcdCdUuOY-jyTWY-pylmXYh£ -+Y®lmxyY)fhegbCaWf¦jye+lgWWxyeE tbCXljyYiehXOehaWYajypemc3  utr ¡
pWdCbcaHYQpb jyTWbcaH_ a: 	  
  X3  5798 
 £¨ r SUTWYehxYQX H£ CHjTWYjehOehdcehfgbnilmd }YfhxYQYbCdcdaHemjiTHlmaHfgYg£ SUTWY®lgWWxyeE tbCXljybceha&YxyxyegxZbCpiegajxyegdCdCYQ}&lhpZªegdCdce|pQ£ qYjoOp}YaHemjY%utr , jTWY¤WiTWetYatuOYQxfZeg9Yxljyegx}Y¬HaWYQ}-utr -
;53
8g:
 < ,  T/ 5 13 3-5
	 5 8 ,5
THYxyY	 5 : "$ 5
 5 ' ' 
 5 ,4< TI8  ,5 bCp@jTHYk _¢bCYxuHlgpbnp(ªxehX ¤YQi­jybceha[£Í[
lmaO}
 , I 9 9I 
%£SUTHY
ªoWaH}WlgXZYQajylmdWxehOYQxsj{rem&bCpUjyTHljb jkxyYHxe}oHiYQpUpsjxlmbCfgTj|dcbCaWY6pWbÚ£ Yg£;5%SO8q: S?TWYa S?bCp
lOehdcrtaWehXZbnlmdem@}WYfgxyYYehaWYg£`SUTWYªehdcdCebCaWf YdCdtaWea®xyYQpoWdcjQbCpkfgbC§gYQa¦bca?Yg£ fH£9A GF9£ N
HÚqA [t
£ GCHæ£
 - °t´  ° 	 V 86OX	MS >o !#X	%{	 .o'
 jX"	%>}'{	(#c@E	$XDC  YU* E4"!I-DIq!#	()
	()
	   v:  ,  5    
 5  T ; 
 5  E<(#X*J"Xx
@ $AL "#J  *()#CI %
S ;k5%SO8  





oWaWbC§ElgxbnljyY¡êpsWdCbCaWYghTWbCiTrtbCYdn}Wp1iehajxyegd9egdCrfhegaHp(ehaZjTWY|u9egoHaH}Wlmxyr Y[m£=SUTWY|iegXWdCYjY¡æpWdCbcaHY  Xlm®bnp|ehujylgbcaWY6}-ur%iehaHpsjxyoHi­jybcaWflgatr)XYQpT%jTHlmj|¬Wjp|bcjT%jTHYiehajxyegd9egdCrfhegaHp
eha%jTWYuOehoWaH}Wlgxr Y[lmaO}%ur®iegXWojybcaWfjTWYZiegxyxyYQpOehaH}bCaWfP	+D
 ¡æpWdCbcaHYgiegxyxyYQpOehaH}bCaWf
jyeZjTWYxyYWxyYQpYajljbCegabca-jyTWYuWbC§ElgxbnljyYuOlgpbCp5 ,5 5&)o8: , 5 -88 3 5 =   , 9>ÌpsYQYBAC6[IH@?£  Y?iehaHpbC}YQxjyxbnlmaWfhoWdnlmx)}ehXlmbCaqUjTWYQa  Y¦bcdCd`oHpsY¦jxybClgaWfgoWdnlmx)XZY6psTHYQp)lgaH}¡êpWdcbCaWY6p£
-¨Y+lhppoWXY®TWYQxY6lÁjYQxjyTHljjyTWY?Xlg 3 : 5%S-TUoS#
8bnpj{bniY?iegajbCatoWegoOpsdCr }b1YxyYajbnlmuWdCY¦eha
jyTWY)u9egoHaH}Wlmxyr "[  lmaH}©Y)}WYaWegjY)utrk5%3  8*: 5k5%S T 8Uk5%S  88`jTHY ¡êpWdcbCaWY-lmWWxyeE bcXlmjbCega
lhppeibnljyYQ}bcjT¦¤iTHeYQatuOYQxfZeg9YxljyegxUega%psYQfgXYajp}Y¬HaHbcaWfjyTWYu9egoWaH}HlmxyremjTWY}ehXlmbCaq£
/  ´101´ 2Á32 ´54 V 8;: 'o!# x	(#	 3  Y[ 
Yl	()	;	() DX@ 	+By[{  E <(#X
  ++"2@YB-Y dG@ 	%e&y3!EX(l	()
	








 fL   $ X3 N PQ 




Y1lgWWdCrSUTWYQegxyYX H£ CH£SUTtoHpjyTWY1Wxyeg9ehpb jybceha
bCpWxe§hYQ}£ O




emUidnlgpyp 0 bcjT ) I utr¦oHpbCaWf¦¤iTWetYatu9Yxyfm¡ædcbCgYeg9YxljehxypTWbniTxYQWxe}oOiYZOehdcrtaWehXZbnlmd
ªoHaHi­jybcehaHpem(}YfhxYQY65) ;("-8£.HegxXegxyY}YjlmbCdCpQWpsYQY6A hHÚ£
SUTWYaWY tjp{jyY&iegaHpbCpsjypemkiegXWojybcaWf+YX1YQijbC§gYdCr¨jTWY)jehOehdcehfgbnilmd}YfhxYQYemjyTWY ¡æpWdCbcaWY
Xlg k5%3  8£ -¨YoHpY`jTWY
ªehdcdCebcaHfZxyYQpoWdcjypQ£
/  ´101´ 2Á32 ´54 V 8 6 Y!I-DI6	()	u3x: 5%S-TUoS#




-8E?<(#X]'D	%@	% !m&!#"	+  . x
-#
@E	 < 5 :5 1 T 
 	(#>o!#-
 Y[  	(#	MXxBt! KX"	ko=< Y6E	y& "[  	% CIB	$	(#*2,-e& 3  o





  "[  E/  ´q´1L8  r) ehdc¢6lmaWeO¥ p Y bnp{jyYaHiYixyb jyYxybcehaªegxY6lgiT%psbCfga%iTHlgaWfgY`em(lZiegX9egaWYQahjegq3mHpylErS  jyTWYxyYZY bCpsjyp
l%idCehpYQ}+iehoWajYxidCeitbCpYegxybCYajY6}¦9egxjbCega?egY[Zb jyT+YQaH}9egbCahjpy< 5 lmaO}< 5 TpoHiTZjTOljkS  §lmaWbnpTWYQp=Y Wlgi­jydcregaHiYb jyTWbCa 5< 5 U< 5  TI8y)S  !: nlmjO< 5 lmaH}< 5 TUlgaH}ZjTHY|xYQXlmbCaWbcaHfiegX9egaWYQahj=egY3UbCp(eg9iehaHpsjylmaj1pbcfhaega  < 5 U< 5 TÚ£(SUTWYdnljsjyYx=TWehdC}HppbCaHiY h'{3-5 Y[

8£=SUTWYQajyTWYWxyetemªehdcdCe|p utrqYQXZXlH£ch£ O
kYxyYQlÁjyYx6tY`bcdCdqlgpypoWXYkjyTHljy3  bnpUl ¡æpWdCbcaHYXlm-em}YfhxYQY $P>;lgaH})jTtoHpUiehahjybcatoWehoHp?­£
+-°"* 4 2Á32 ´14V 8  6- <u
K!, "# ! , )4 "# "# $ !  6	()'#
	@	% o< 5 :5 1 T ^[J!#"	+   . eo-a#
@E	x 	(#>
!#YG  Y[ XB@v,  ! KXE	6 <uX E	t& "[
oX
	 C	+t	(#'2,- &x !#Y	%3  %>	$@.@	({	()x@"@x!#iE!#?>oX [9E
° 	 V 8 :SUTWYegjybcXlgdHlmxjbcjbCega%bnpUegujlmbCaWYQ}-utr)lmHWdcrtbCaWfw=xyeg9ehpb jybceha-H£ [jejyTWYdCegaWfhYQpsj
9ehpypbcuWdCY9egxjbCegaHp=egjTWYuOehoWaH}Wlgxr "[bcjT)YaH}9egbCajyp< 5 lgaH}'< 5 TUpoHiTjTOljliegXOehaWYaj@eg3mOplErlS  H§ElgaWbnpsTWY6pUY WlgijdCregaOiY
b jyTWbCa 5}< 5 U< 5  T8YS  !: nlj < 5 lgaH}B< 5 T
lmaO}jyTWYxYQXlmbCaWbcaHfiegX9egaWYQahjegq3





¤YQi­jybceha¨[W£'-¨Y}YQiegX9ehpYjTHYu9egoWaO}Wlmxyr "[  bCahjyepYfhXZYQajypQ9eha?TWbniT? YZbCpegdnljyYjTHYxyetemjyp






 - °t´  ° 	 V 8  'o!# '	()
	 Y[t xtX	$),
!#
X@qY	()	q3l-X*Y	 CE (  "[%E<(#X]	()tE!#?>B DX
	
D6Y-{	$Po
jY!#	+l! KX"	   <ut!K>o C K& "[
  >o!#-!> 
 :.$"5&$(' "-85; T '  8 6 ,.0/  6 1 $ 9 '  9 U





  "[  / Jx
YN 5  l	() "!#B>o{t2,- (#v,vXPBS 5 
),]	()>o
!#Y-
  Y[  E











egjyTWYxetegjypUemuS T ehxjS  H Y}YxybC§gY
bcXXYQ}WbClmjYdCr
lgaehjbCXlmdHlgxsjyb jybcehaegjyTWYu9egoWaH}Hlmxyrgutr)pbcXWdCb ªrtbCaWfjTHYxY6psoWdcjbCaWfpoWu9}Wbc§tbnpsbCegaq£
-¨YpsoHXZXlgxbC¢Y`jTHYlmdCfgegxybcjTWX ªehx|iegXWoWjbCaWfjehOehdcehfgbnilmd}YQfgxyYY`em.3  -






 [  
! !"$#%'&(  # ^ *)
+ ) -, 3  
.#*/0213/4&65#*/4  $&879:11;/:<  => 3 /$#=;@?0/2#BA$C5'7?:5* D 
>1;&  #*EF1 k5%3-8g:
5%S T UoS  8 / , A2G%H $ 7
I ) , /4:2 JK
HG%L#;M/ , 8*?2/0#NAJ5 "[ 7  
H/4&O0PQ8*H/2/08
@/ , S-TXS# 7B9
  #0%=	&6%/4  8 I ) + 7
R ) A2!A0 HS
TU  L#;&65ULV#;!AF
:W?WA "X4 
  /$#Y/ , 8*S?0/2#NA2$C5[Z
H:\]H^F R ) +_ 7
` )  H/$a1E>8*>/:1]/$&O/4%   L$&]A2L%':b/ , 3  7*2  H/$:A  #0%c>/; , /4G&OdZ +9+_ )
 ehXuWbCaWbCaWfWxyY§tbcehoHp xY6psoHd jp Y
fgYj -





BO6{3  : 5+S T US  8'&G%,- $ 
t[    >o!#-!> 
	 6 $  5;IT ' -80,.0/  6 1 $ 99 U
q(#Xo*:6	 5 1   7 5 ;]7  )X 7 5 U7  '   2S < TT 5n#8 # S < T 5nD8    "[]Y  5  	(#xE!#?>x2,- X()
v,v& S 5 






   ij    ^  !     m%%    ' 2 e   %    ^  !  




3 Q 578q: h Q U >sQG?
THYxyY3gQ: 5%S-T



























b9· "	+  Q dfb  	% d4Q?TWehpYxe|p
lmxyYªegxyXZY6}?utr?lgdcd=9ehpypbcuWdCYiehXuWbCaHljybcehaHp`em ;
"
lgaH} "g£Se+jTWbnpYQaH}& Y®iehXZHojY-jTHY{b¡>X@Y   Q d b_ 	% d Q :   5    ( = Q5 =  1 T THYxyY  5 bnpjyTWY gjT }bCfgbcjem`jTWYPb9·}bcfhb juHbcaHlgxr&xYQWxY6psYQajyljybceha&egjyTWY®atoWXu9YxP5 8 ; "
8iehoWajbCaWfjTWY
dCYÁj¡ÚXep{j}bCfgbcj¬HxpsjQ£ SUTWYa&jTWY-YdCYXYQahjpeg	 Q :   5    ( = Q5 =  1 T lmxyY)fgbC§gYQa utr  5  :   5  ; "g£¤oWW9ehpYaWeAjyTHlj Q :
 C T U#C  UVWVVWU#C  ( bnplgaegxybcYQahjyYQ}K>ªbÚ£ Yg£Clga egxybcYQahjljybceha+THlhpu9YYa©lhp{¡
pbCfgaWY6}-je)bcjyp§gYQxsjybCiYQp?;b9·t}WbcXYaOpsbCegaHlgdiehat§gY %9egdCrTHYQ}xyega®bcjT  Q §gYQxsjybCiYQpQ C 5 'a^ Q UlmaH}®dCYj3 Q : 5+S T US  UWVVVWUoS Q 8oZ" Q \ ^ Q ` ^ Q uOYliegajbCatoWegoHpUXlgWWbCaWfH£





 % /c53gQM5 C 0 88g:   /5+S-TI5 C 0 88U  / 5%S#-5 C 0 88UVWVVWU  /c5%SQ5 C 0 88  U >sv?
.@@9>o    1#/!"4  87!2P - $ 2 2"2  " 13/ 7D " 8j3 Q  $ /  Q J q(#X  /M5
	 8 - <uy	()j	(v C !E
2,-x!#X	%- 8 / E+-°"* 4 2Á32 ´14V 8  ' tb#
 I()
  Q  x@ 38 84   " 1)4  2 "# *b ,0   8 1#/54 $ 461  "# :81^"  3 Q Ju 
	()*6
	 dj5%3 Q 5 Q 8  -E	%,.@	({	(#* 	% d Q Jz	+ yDx!#	$	%a'@	c qE
+-°"* 4 2Á32 ´14V 8  
'iD I()
 q(v(K f KCI#de(G!#@  Q < T CI	%oXf&  (#GX	$X 	%
b#
 I()
 Q X}	% CIl	$3gQ5J .@@ >o @N2  /21&  Q  .@@ >olY
	+ >  !  J f:
"GU DUVVWVUb] aX 
@E@	 C	XC 0 J5)6: "-U #UWVVVU  Q < T 	()cX+#
Y@), CI	+
  /  5%3OQ5 C 0 88(#IC'	()@  $	(lW
@	$@X!E
	+ -X({
	(#XE GfICJu  	(G 'B6
B"$	(lX E	u  ;
"
-&
 & / 	(#Xf	(# !  .@@ >B@ $ 13- "# :81 -& ,0 2P "# : 1 / 2P /'1 E
ÀÀ ÊDÔ­Õ­Õ
[h[
Z° 	 	 V 86 A CgHFEz X oG(K(#GX	$X 	%tb#
 I()
rX}	% CI 	+ 3gQ 	() 




ICXJ -X(P-!  &6PX()o-	+ 	*bXD I(#o
  Q oX
	 C	$3gQ : 5%S-TUoS#-UVWVVUSQ"8Z% Q \ ^ Q ` ^ Q   @	X 'tX()
-	+ 	5b ; "-8"#
 I()ofoX
	 C
	$'3 Q < T : 5+S T US  UWVVVUoS  < T UoS   T UWVVVWUoS Q 8oZ	!  ` ^ Q < T E




¢YQxeZbcjTWbCa  Q £u0%egxyYps9YQib ¬9ilmdCdCrgtjTHY
ªegdCdcebCaWfZjTWYQegxyYX THegdn}Wp>-
 - °t´  ° 	 V 8 :  A CgH EO	 : 
 C 5   (5 1 T 
YR: .! 5  Q5 1 T >t	(#l
- 	c CI	X 
Y	()'X	y&	()*-XJz+DX	% CI  Jk*X()
-	+ 	cb#
 I()
 Q 	% C*	$"	@"!E!)
3gQZ" Q \K^ QP` ^ Q X
 q(v(Bh Q '{3gQM5 ! Q 8ED"!I-DI	()
	 :  5 =   Q5 1 T =   1 T  c < E@	$ X	5b ; "
8")@ XEY
q
X"	+ @ "2oX q(GX(  6  Q .@	({	()zX@} .@v,xYD	X %
& /  Q : + Q5 1 T +   1 T  5 =  J8 / 	(#*@"	+x	(#* B>o* ox
  (
@E	;J= / 	(#*@jY *  
 ! Q ! KX"	 6 <u 	% C*	$  /c53 Q 8Jk
 / 	(# C	X*-X(l@ "#d  5 =  B6!K>X	k CI	%oXx& ! 5 E<(#X*J @	u(#*	(#	 ! /  3 Q U" Q Uh Q : "GV













iTOlmxlgi­jyYxybCpsjbni%9egdCrTHYQ}xyegaqutr uWbnpsY6i­jbCaWf l taWea egaWYhkpylEr  Q £ Se }e jTHbCpQ| Y+iehXWojY
jyTWYXbC}WOehbcaj  em jTWYdCegaWfhYQpsjYQ}fhY 
 C 5 U#C   em  Q >ªTWYQxYjyTWY}bnp{jlmaHiYQplgxYXYQlhpsoWxyYQ}+bCa1oHidCbC}WYQlma aHegxyXp?­£-SUTWYa  YeguWjylmbCa lmaWegjTWYQxiTHlmxlgijYQxbnp{jybCiZ9egdCrtTWYQ}xyega  Q

utr¨iegXHlmxybCaWf





lmaH}¦iegajbCatoWYjyTWYlguOe§hYWxyeiYQpypQ£  1jTHYlgpypoWXjbCegaHpem@SUTHYegxyYX W£CQ)lmxyYplmjbnp{¬OYQ}9egaWY
egjyTWY  /c53 Q 5 C 5 88oU  / 53 Q 5 C  88`iegbCaHibC}Y6p
b jyT  / c53 Q 5V 88emjTHYxybCpYgq YiehajbCaoHYZbcjTlgaWemjyTWYxUY6}fgYh£





	l50 Q 8DE <() Jc	(# B@E@B!# "!#B>o 	 &H>X o	%D6	(#,v  Q @X!#@oo










6B-!#- (` '5nEU "-8 J. j,
 CX> 











 /h     +"    % !     
 "Yk  +l ! 
:     'm0 

  %^  
SUTHYQpYjetegdnpiQlmaaWe uOY)iegXuWbcaHYQ}¨je+iegXWoWjYiehXWdcY ¨xyetemjpemlma©lgaHlmdCrjbniZªoWaHi­jybceha bca©l
u9egoHaH}YQ}%}ehXlmbCaq£ qYj S Z   `   u9Ylma®lgaHlmdCrjbnikXlm®lgaH})dCYj
3  ZG^  ` ^  U
57T
U7 
8  ` c5%Sg57T 'I7 
88U& 5+Sg57MT '





7'   £A¤toHWOepsY-jyTHlj [  bCpl
u9egoHaH}YQ}}egXlgbcaeg"^  lmaH}dCYj(oHp(lgpypoWXY1jTOlj.3  }etYQpaWegj§lmaHbCpTegab jpuOehoWaH}Wlgxrh£ s iiegx}bcaHf
jyeSUTWYQegxyYX W£Cg9jTHYjehOehdcehfgbnilgd}YQfgxyYYeg 3  egaP[  bCpkjTHYatoWXuOYQxeg@iegXWdCY ®xyetemjypkbca?jTWY
}WegXlmbCa6[  £=SUTWbnp@ixybcjYxybCegailgauOYoHpsY6}jepsWdCbcjlxyYQi­jlmaWfhoWdnlmx@}ehXlmbCa6[  lhp@}Y6pixbCu9YQ}bCajTWY
ªehdcdCebCaWfZlgdcfhegxyb jyTWX -
 +9´ I2Á - 	 V 8 6r 
	@),t	()B "#dlW
	.@	(G@'YX   E
   &( ! /  3  U[  Uoh  ) " #NAKA  =$>H 5[  8f 7
+ ) 
"1N&   [ $&(/4#0%  8
 &(/4#0%H
 A  L#
  /4# ZO4A%0 _  #;>/ [ T $#NA [  7
I )  H/$a1E> ! /  3GU&[ T UohD $#NA ! /  3




jyTWYxyetemjyp|em 3  utrbCajYQx§lmdnp|eg
pbC¢YfgxyYQlmjYx`jyTHlma ?­Y9YxjoWxyu?jyTWYpWdcbcjsjybcaHf®ur+oHpbcaWf®lga+Y6}fgYTWbniT }e%aWemjpWdCb jY lhi­jydcr
bCajeYQvoHlgdHlmxjypQ£
/  ´101´ 2Á32 ´54 V 8 V
'o!# c	(#	[B cB	+
v,-'& .	( f()2,(v	"#E <M(#X*Jg	()'E!#?>
X!#
 	+&E'@?'  ,G
@	(v = E 8   >o!#-!> 
 : Y, ./     '   
 U
q(#Xo9c: 	  5 1   
 5 ; 
  g
 5  tW






/  ´q´1L8=§gYQxr)j{e)psjYQHp| Y}bC§tbC}WYjTHY}bnlmXYjyYxurj{ elmaH}® Ypsjeh®TWYa%jyTWbCp`}bnlmXYjyYxbCp
dCYQpyp jTOlmaEh£(SUTtoHpQWbc ) bnpUjTWYatoWXuOYQxem=p{jyYHpQ Y`TOlE§gY -
   '  
  
_f   )A_ Y,.0/     '   
 V




lgdcdOb jp xetemjp1bCajTHYiehXWdcY WdClgaWYgtlgp1ªegdCdce|pQ£-+Y`xYQWdnlgiYkb jp@xyYQlgdHHlgxsjkSGTlmaO}bcXlgfgbCaHlmxyrHlgxsj
S utr)jTWY9egdCrtaWegXbnlmdnp
S 5 : 5 ";)T8 , 5 ";) 8 , S 5 6 ) T";)T U ) ";)  9 U 8 : "GU DU
lgaH}%bnpsehdClmjY
jTHYxetegjypeg 3  : 5 S T U S  8@ega%jyTWY}ehXlmbCa [  :  nDU "  d  nDU "  TWbniT®bcdCdrtbCYdn}%jTWY
xyetemjp|em 3  eha  nDU'.-  d  nEU'.-  £ psbCaWf)prtXZXYjxyr%lgdcehaWfjyTWYlm tY6pOYZiehXZHojYbca?lpsbCXbcdnlmx
UlErjTHYxetemjpUbcajTHYemjTHYx|voHlg}Wxylgahjp£








































-¨Y? egoHdC} dCbCgY®jye©jTOlmaW jTHY+xyYªYQxYQYQpªehx)jyTWYbCxXYjbnioWdCegoHp-iehXXZYQajypjyTHlj%fgxyYQlmjdCr&TWYQdc9YQ}
bCXWxye§gYjTWYHlgOYQxQ£ s dnpseOegaHYZegjyTWYlmoWjTWehxyp >%0£ £ M£ ?bCpTWYQp`jye%jTHlgaW¦jyTWY £Í¤£
kljybcehaHlmd
¤WibCYaHiY .WehoWaH}WlmjbCega lgp)YQdcd`lgpjyTWY s XYQxbnilga 0®ljyTWYXljybCiQlmd¤etibcYj{r&ªehxjyTWYbCxpoWW9egxjªegx
jyTWY)bCat§tb jyYQ} WxyYQpYajljbCegaegjTWbnp egxy¨lmjjTHY'  ,v@	(GxJ^u
jY!#	+
	




	k >XUem jTHY s 0¦¤¡  0¦¤¡{¤  s 0*gegbCajk¤toWXXYx|~Y6psY6lmxiT  egaWªYxyYaHiY`bCa-jTWY0¦ljTHYXljybCiQlmd¤ibcYQaHiY6pH[gggH£
 |) 





A [H|£)1£ s dCdCfge Yx
lmaH}ap£]`YegxyfH Y@jY X
k
Y "	@"!E	%] X	()IyXt-"o dG@6
	@),< d)o'#
@E	Y  !#	%a	+B I	$Xx&*@X!E
	




1 lgaH} £ |eh{<"D},-¨¤tWxybcaWfhYxs·%M=YQxdnlmfOYQxdCbCaq?6gGF?xyYWxybCahjyYQ}- THYdnpsY6lWW xeha  |YQ1egxyQGCGF£
A -H
@£H Yxp <"D},0 kY1egxy|aWbC§gYQxypbcj{rg |YQ1ehxQvF
CH£
A FHS
£ egoHd jUlmaH}tp£¤tbCgehxyptbÌ .
jY#d-@	 t& "!#	%@v,6	$Do,-o
O-+,-*&4q "(v@	 G !#Y
	%E'@b @ XED­ *W£  ehXWdcY b j{rhH[l>sQGN-CG?tWq£Wh·#FgW£
A C
HS






x@ 	  
@6DE­9¤  s 0 *H£H¤ibÌ£O¤tjyljybCpsjQ£  egXWoj6£cq6 >{QGNgv?­tWq£ECGN-C·)CgGNW£






E @ I	+ |oWXYx6£E0®lmjTq£CqWC >sQvL?Hq£Hgg·m[W£
A N
H]Z£|£  egdCdcbCaHp`lmaH}+~£ qetehpQj GXoIt&j#
 Y
x
 J1bca  egXWojyYx s dCfgYQuWxyl-¤trtXu9egdCbCi
lgaH} s dCfgYQuWxylgbCi  ehXZHojylmjbCegaq(¤tYQiegaH} 1}bcjbCegaY6}b jyYQ}¨utr+`£ oHiTtu9YxyfgYx6]Z£ |£  egdCdcbCaHp
lgaH}%~£ eep bca®ietehOYQxylmjbCega)bcjT®~£ s dCuWxY6iTjQH¤tWxybCaWfgYQx M=YxydClgfHQGNh[£
A 







§hYrp |eO£gh s XYx6£"0®lmjTq£H¤teig£cHw1xe§tbn}YaHiYgW~THet}WY  pdnlmaH}Q-CgH£
ACQ
H s £ =bCfgYx6 p£1¤tbCgehxyptb lgaH} . £1¤jYQaWfgYQxQ 'm 	(#We >X X	%fX

 CW@),Pb Y" @Y

@!E	%E s  0 SxlmaHpQ£E0®ljyTq£H¤tegÁj{ lgxYh96 >{QGNm)?­tWq£HGCvL6·tvLGLt£






jY!#	+ ' G   	 BX2,-H s ilh}YXbniw=xyYQpyp





¶jD	$X@ ,v@	(G J  ajYxy§lmdqiegXWojljbCegaOp|[l>sQhgG?@Wq£Fg¡yC-NH£
AC-H *H£klh}WlmXlmx} "!# @X!E @!E'-Y 	%Ex-' @Yx-x
Y ­|YQxXlmaw(lmxybnpQHQH£
ACFH |£q~£ klgaHpsYQaq ; >o
OY	@B G	%	O@v,t XE	$XDCM' Y
 I ­O0®lmxiYQd  YthYx  aHim£C |YQ
1ehx6gh[W£
ACWC
H |£q~£ klgaHpsYQaq u "!#	%@v,HGW6&;!#X	%Ex!)@v,t,vY  GP@"	+DC @	(G 	  a¡
jyYxy§lmd  egXWoWjyljybcehaHpQH >{Qhgv?­tWq£H·[-NW£



















`£ *H£|etYaO}YxpUlmaH}  ££H¤tdCoWXq;P	()GX	$x@	% 	(#'"!#B>o




H  £ *H£plE§t§lg}WbClhp . £¤£90®lmtxyblgaH}a0 £ £5M=xylgTHljybCpQ OW	%@v,fYfo
jY!#	@), >X@	%@ 

 	;>X!#	+GX­O¤  s 0 *H£H¤ibÚ£  ehXZHojQ£CO[6>{6ghG?­Hq£HGFm·-CgH£
AÍ[H  £%*W£plE§t§lg}bnlgp|lgaH} 0£ £1M=xlmTHlmjbnp 9	%@v,P
Y  "!#	%@v,P@q	()B@ " W
	x
Y






  G  X	()fH> 	
H




YQlgxsªegjsjQ4'   KX"	B-+,- ) "!#	$	%  	(#W X
f ,vXX




6{	$	&x,vY  G>X X	



























dcot Yx s ilh}YXbniw1oWu¡
dCbnpsTWYQxypQ  egx}xY6iTjQWSUTWY |YjTWYQxdnlmaO}Wp6gGCW£
AÍ[GLIH
~£`£p
YQlmxªemjjQ *H£  bClga¨lgaH} s £ |YQoWXlmbCYx6UdG 	+Y?CI <z	%{X6@v,-!#
 GW 






Y6lmxªemjsjUlmaH}{0£ |e§hehl s E  !<¶   %\' #
	+%>}*@"	+DCI
 .	+
 K> X	%6D-  




xlE§lmazslH£~|lgfgehpQM0£ £5M=xylgTHljybCp`lmaH} . £ s £l¬Hxyeg9egoHdcep1¶b%'  	() 	% 

.&	  D- W,GcX






















­¤  s 0 *H£ |oWXYx6£ s aHlmdÚ£c9[g[l>{QGNGFG?­Wq£"Cgmm·)CHWCW£
A WH @£Ep
xyegaWY6igYx6 B &J " E &  YbCW¢bCfHWSYoWuHaWYx6qWNhGFW£
A h[H *H£p
oWdCHlW <(# 	y
@Y   G @oYG 	()




H £O]Z£ dcer} B+,
N<M(#   lmXuHxbn}fgY |aHbc§hYxpsbcj{rw=xyYQpyp  lgXuWxybC}WfgYg6vL
NW£
A m-H  £ 0®lmxiTWYQOehbcdÚ=u"	;>X!#	
  }     	% , o
 	% @X!E %@!E	%E  ,  > @!EXJ
 -X!#JOo -  -
D X	#Do@   6&JHSUTWV6psYoWaWbC§gYxpb jy_*H£ .HegoWxybcYQxQm]`xyYaWehuWdCYgQhmO£
A GFH  £ s £I0%bniiTWYQdcbÚ%G 
	(#X 	%0'c+DX	z& y
6	 Gf- @v,g  y0¦¤¡ ¤ .-~YQfgbCegaHlgd  ega¡




£t¥ kYbCdHlmaH}*H£gSUTWehXlhp <M(#'!#	%P& 	(#j	$D},--+,- >  @!E-
	%!#h¤  s 0*H£koWXYx6£ s aHlgdÌ£Cq6[{>sQvL-F-?Hq£ECvLmE·#C-NgH£
A vLIH s £ |YoHXlgbcYQxQ XE	$XDC GfX	()I;Xx I	$B @!E	%E­  lgXuWxybn}fgY kaWbC§gYxpb j{r%w=xyYQpyp lgXuWxybn}fgYhQghW£
A -N
H *H£G0£txsjyYfhl`lmaO} -£  £g~TWYQbcatu9egdcjQv X	+
	 C4M !#	% & x" @Y  @X!E
	
D @ CI
 Y >XX­ s ilh}YXbni
w=xY6ppQ |YQ 1ehx6vLH£
A g
H |£|w=bCiQlmx} "!# ]Y?>X]-XaGX@]Bx!# aY !)X!# @!E	%E @x!#2	+
 ­*gegoHxaq£W}WY0®ljyTq£Ww=oWxyYYj s WWdÚ£9>%kp_xybcYI?­DN >{Ng[-?­Hq£"F6·W[O£
A h
H |£Ow=bnilgxy} <D
@	 B  
Y IXmx})Y6}£cWiTOlmq£O£ L£cH]
lgojTWbCYxs·%MbcdCdnlmxpw(lmxybCpQQ[g[W£




@#	(#z@jY;	k& +#X!#X	%E !)@v, 	  G%8*H£  egXWoWjQ£ s WWdÚ£0®ljyTq£ct6g'>Ì[ggH?­
Hq£"F)F6·DF-FO£




H . £E~egoHbcdCdcbCYxlmaH}w£ 9bCXXZYQxXlgaWaq !KXE	E X
	%{&; 	y B  o
 j	  k~  s 
~|YQpYQlmxiT~|Y9egxjQWa  Og6W .WYQuWxoOlmxyr)[mgHg£
A g-H @£ @£O¤iTtoWXlmhYx6 -"2@Yz!#Y	
D­ *gegTWa- bcdCYr-lmaH}%¤tehaHp kY1egxyQ-N)Lt£
A vFHp£q¤tbCgehxyptbÌ 'i	(G v@ Dz
Y},-!E6	${	(#66	() &B> 	
XB C@v,PY 
2@Yx@!E	%EY0®ljyTq£  egXq£CHg >sQvLmG?Hq£YLm[h[6·EL-NH£
A GC








 @	 J&f	(#>X X	% 6	()
koWXYx6£"0®lmjTq£C"FGL>{6ghG?­Hq£W[W­·thgH£
A h
H  ££H¤tdCoWX-lgaH}`£5*H£4ketYaH}YQxypQ <()x-	+x@	%&	()'}W	% &	()j,-%>









H . £=¤jYQaWfgYQxQbu "!#	%@v, 	()l	$Do,

yG+,
 &lf G"@), @f^ Q  |oWXYQxQ£q0®ljyTq£c1[GF
>sQ)L
F-?Wq£O[gE·-NW£
A FH'0 £9¤j{rtaWY6p '  ,v@	(G X
*	()E!# Xq!#	%e'	(#xG+,
6&xt G"@v,gw=Tq£
 £H}bnpypsYQxsjljbCega  YOlmxjXYajem.0®ljyTWYXljybCiQpOxyYfhega¤tjyljyY|aWbC§gYQxypb j{rh  egxy§ElgdcdCbnpQ)L-L£






.-+,- s WWdÚ£ s aHlmdÚ£cW
>sQ)LG?Wq£EChE·EL-Lt£
A Fm





A F-H'0 £O¤j{rtaWYQpQ ; 	()Bo













H *H£ £ps9YaHptrg <(#o
 l&*@!E	%EY0®lgi]`xlE?|bCdCdÌq6mvNW£
A FGLIH'0 £ £ M=xylgTHljybCpQ '  XoP	%@6
	




H'0 £ £1M=xlmTOljbnpQ 
 C@v,{ I	+xx&xY" @Y
B@X!E
	
D!)@),	()B GW!C !E 	()
	$D},-.-+,
oo s  0 SxylgaHp£E0¦ljT£H¤temÁj{UlmxyYgQ{>sQ-NGNG?Wq£HH6[6·h[gW£
A Fm
H'0 £ £ M=xylgTHljybCpQB 9'¶   % ' 6





E @l@!E	%D­ s  0 SxylgaHp£g0®ljyTq£¤tegÁj{ lgxYhQe>{6-N-Nv?­Wq£
hg·tgGCW£
A Cg
H'0 £ £(M=xylgTHljybCpQ4' (#	 "& 
Y a,GY
  G	% &NGP@- adG 	+Y 	(#o

w1xeim£ s XYx6£E0®ljyTq£O¤teig£cq6vL>{6-Ngv?­ELH­·ELgH£
A CWH'0 ££ M=xlmTOljbnpQ ' a KX"	z X	() X
*	%@v,{Yl "!#	%@v,*#W
 >X@	Y 
2@Y* G"@),­0*H£  egXq£Ow=TtrtpQ£CgQ >sQgvF-?96GFE·9g6W£
A Ch[H'0 £ £ M=xylgTHljybCpQhS
£  £h egoHahjybCp@lmaH} 0£vpkehdcdCXlmaWaq	yW
*>X@	Y@*C
E	q!#wX-X
    " @Y' G"@),­  ajyYx6£ *W£W bcªoWxim£  THlgehpQDC{>sQh-CG?[GF6·h)Lt£
A Cg
H'0 £ £M=xlmTHlmjbnpS
£ £W]`xylgHpylWH£~|lmfhehp lmaH} .£ s £ l¬Hxyeg9egoWdCehpQ;P	()*W






D­ £ s aWfgYQ£"0®ljyTq£E0%Y6iTq£cL-L>{QhvL-?­GC)LQ·t)L
FW£







A CGFH'0 £ £ M=xlmTHlmjbnpY£  psdCbCgYxlmaO}&S








H'0 £ £ M=xlmTHlmjbnp s ££UwYx}bCegoq M£U¤£;plmdnlmajyegaWbnp £ s £UwYx}bcep p£ w(lmHlh}Wlmtbnp~£
w1xepsXbcjblmaH} ¤£  £.HlmxlmajyehpQ9'k-Y 	% f	()]X()
-	+ 	 > 	











A CvLIH'0 £ £M=xlmTHlmjbnpH£~|lmfhehpQS
£¤bCaWbCemjybCpQ . £ s £ l¬Hxyeg9egoHdceplgaH})S





D­  egXWoWjQ£Hw=TtrpQ£  egXXoHaq£cW[{>{QhGFG?­W[-Fh[6·[-C-CH£
A C-N
H'0 ££KM=xylgTHljybCpQH£H~|lmfhehpQS
£O¤ttbcaHbcegjbnp . £ s £ l¬Hxyeg9egoWdCehpUlgaH}S









jYd GXoI &)¶ X
!#X	%E­|oWXYQxQ£ .HoWaHijQ£ s aHlmdÚ£9jybcXbC¢g£CqWN{>{6gvL-?­H[h[GLQ·W[mgH£
A Cg
H'0 ££IM=xlmTHlmjbnpt£m~|lmfhehpQ .£ s £ l¬Hxyeg9egoWdCehplmaO}S
£ £h]`xlmOplH9	%@v,BY=u "!#	%@v,
qX&9' @  !#Y	
D­ £ s aWfgYQ£"0®ljyTq£E0%Y6iTq£cLC >{6g-Cv?­tH6E·t[g[W£
A L
H'0 £ 1egherhlgXlHNu "!#	%@v,x	(# 	+#





Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)8 ";",  7 77  $.4   7 4
ISSN 0249-6399
